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Superconductivity in SnO: a Nonmagnetic Analog to Fe-based Superconductors?
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We found that under pressure SnO with α-PbO structure, the same structure as in many Fe-based
superconductors, e.g. β-FeSe, undergoes a transition to a superconducting state for p & 6GPa with
a maximum Tc of 1.4K at p = 9.3GPa. The pressure dependence of Tc reveals a dome-like shape and
superconductivity disappears for p & 16GPa. It is further shown from band structure calculations
that SnO under pressure exhibits a Fermi surface topology similar to that reported for some Fe-
based superconductors and that the nesting between the hole and electron pockets correlates with
the change of Tc as a function of pressure.
PACS numbers: 74.70.Ad, 74.62.Fj, 74.25.Dw, 74.20.Pq
The discovery of superconductivity in the iron-based
layered compound La(O1-xFx)FeAs
2 has led to an explo-
sion of interest not only in experimental and theoretical
studies but also in the search for new compounds be-
longing to the same family of materials. Several other
groups of Fe-based superconductors have been found,
e.g. AFe2As2 (A = Ba, K)
3 and more recently β-FeSe4,5.
Their common features are layers formed by FeAs tetra-
hedra, the presence of electron and hole pockets in k-
space at the Fermi energy, EF, and the proximity to a
magnetic state. Although the pairing mechanism is still
a matter of debate6,7, it is generally believed that super-
conductivity in FeAs compounds is unconventional with
electron pairing possibly mediated by spin fluctuations8,9
or a direct electron-hole pair hopping7. Among the differ-
ent types of Fe-based superconductors, the nonmagnetic
binary compound β-FeSe (TC = 8K) is of particular in-
terest owing to its simple structure. β-FeSe has a tetrag-
onal anti-α-PbO type structure (P4/nmm) composed of
stacked FeSe layers along the c-axis. It is, thus, natu-
ral to ask whether compounds with the simple α-PbO
structure but which do not contain a transition metal
(Fe) would exhibit superconductivity. SnO with the α-
PbO-type structure is such a candidate, being a diamag-
netic semiconductor at ambient pressure (p) with an elec-
tronic structure resembling that of Fe-based systems10,11.
Moreover, according to recent infrared and x-ray diffrac-
tion measurements SnO becomes metallic at room tem-
perature above p = 5GPa without a change of the lattice
structure up to p ∼ 17GPa12. This finding of a pressure-
induced metallic state of SnO above ∼ 5GPa is in good
agreement with theoretical band structure studies using
LDA calculations13.
In this work, we show that SnO becomes supercon-
ducting under pressure p & 6GPa with a maximum Tc
of 1.4K at p ∼ 9GPa and that Tc(p) reveals a dome-like
shape similar to other Fe-based superconductors. Our
band structure calculations indicate that SnO exhibits a
Fermi surface topology similar to that reported for Fe-
based superconductors and that the nesting between the
hole and electron pockets correlates with Tc(p).
FIG. 1. (color online.) Crystal structure of SnO (α-PbO-type
structure (P4/nmm)).
For the four-probe electrical resistivity measurement
polycrystalline single-phase samples with a stated purity
of 99.9% purchased from Alfa Aesar were gently ground
and inserted into the sample chamber of a diamond anvil
cell (DAC) with a cell body made of a special Ti-alloy to
minimize temperature-induced variations of the pressure.
Hardened Inconel 750 was used as gasket material, elec-
trical insulation of the gasket from the four gold leads and
the sample was provided by a mixture of epoxy and fine
Al2O3 powder. Pressure was determined at room tem-
perature using the ruby fluorescence method14. The tem-
perature dependence of the electrical resistivity ρ(T, p)
was measured in a 4He bath cryostat which covers the
temperature range 1.6K ≤ T ≤ 300K. Measurements
at low temperatures (0.4K . T ≤ 15K) and in exter-
nal magnetic fields where performed in a HelioxVL 3He
refrigerator (Oxford Instruments).
Fig. 2(a) displays the temperature dependence of
the electrical resistivity ρ(T ) in the temperature range
0.4K ≤ T ≤ 300K at selected pressures up to 7.9GPa
using a diamond anvil cell. We find that with increas-
ing pressure the resistivity gradually changes from the
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FIG. 2. (color online). (a) Electrical resistivity ρ(T, p) (loga-
rithmic scale) of SnO for 0.4K . T ≤ 300K and at different
pressures up to 7.9GPa. The arrow indicates the onset of the
superconducting transition for p ≥ 5.8GPa. The inset shows
the pressure dependence of the resistivity at 2K (ρ2K(p)).
The arrow at 5.8GPa marks the first observation of Tc. (b)
Low temperature region (T ≤ 2K) of ρ(T )/ρ(2K) for different
pressures from 5.8GPa to 16.2GPa. (c) Effect of an exter-
nal magnetic field 0T ≤ Bex ≤ 1T on ρ(T ) for 9.3GPa and
T ≤ 3K. The inset shows Bc2(Tc), the red line corresponds
to a fit with Bc2(0) = 0.58 T (see text).
semiconducting to a metallic-like behavior, followed by
a sharp drop of ρ(T ) (∼ 80% at 0.35K at 5.8GPa) at
a critical temperature Tonset = 1.3K, indicative of the
onset of a superconducting transition. The temperature
of the superconducting transition increases with further
increase of the pressure to Tonset = 1.7K at 7.9GPa
where the system exhibits zero resistivity at 0.8K. The
proximity of the observed superconducting transition at
5.8GPa to a semiconductor to metal in SnO transition
is demonstrated in the inset of Fig. 2(a). Here, one ob-
serves for p ≤ 5.8GPa a dramatic decrease of the value of
ρ(2K), i.e. the resistivity in the normal state just above
the superconducting transition, by more than 6 orders of
magnitudes. This decrease becomes distinctly weaker for
5.8GPa ≤ p ≤ 16.2GPa. We note that the observation
of a metallic-like behavior at p = 5.8GPa is in a good
agreement with that reported from high pressure infrared
spectroscopy12. The superconducting transition temper-
ature Tc for SnO for 5.8GPa ≤ p ≤ 16.2GPa can be seen
in Fig. 2(b). Here, it is shown that the superconducting
transitions are relatively sharp up to the highest pressure
of p = 13.2GPa, although we cannot exclude the pres-
ence of some pressure gradients in the sample chamber.
At 16.2GPa, we find an onset of the superconducting
transition at ∼ 0.6K, below which ρ(T ) drops by 10%
down to ∼ 0.4K. The values of Tc are determined from
the temperature at which ρ(T ) is reduced by 10% below
Tonset, i.e. ρ(Tc)/ρ(Tonset) = 0.9. The effect of an exter-
nal magnetic field Bex on the temperature dependence
of the electrical resistivity at p = 9.3GPa which corre-
sponds to the maximum value of Tc = 1.4K is shown
in Fig. 2(c). As expected for bulk superconductivity,
Tc initially shifts linearly to lower temperatures and re-
mains sharp with increasing Bex and can be described
by the Werthamer-Helfand-Hohenberg (WHH) theory for
“dirty superconductors”15. This excludes the existence
of weak links and/or minority phase superconductivity
in the sample. We obtain for the superconducting state
of SnO at p = 9.3GPa a value of the upper critical field
Bc2(T = 0) of about 0.58T (see inset of Fig. 2(c)) which
corresponds to a coherence length ζ ≈ 240 A˚.
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FIG. 3. (color online). Electronic (p, T ) phase diagram
of SnO. The semiconductor to metal transition is around
∼ 5GPa. Tc(p) shows a dome-like shape with a maximum
(Tc ∼ 1.4K) around 9GPa, and decreases gradually for
9GPa . p ≤ 16.2 GPa with Tc(16.2GPa) ∼ 0.4K
The results of our high pressure investigation of SnO
are summarized in a (p, T ) phase diagram in Fig. 3.
The pressure dependence of Tc displays a dome-like shape
with a maximum value of Tc of about 1.4K around 9GPa.
Tc increases with increasing pressure with an initial rate
of ∂Tc/∂p ≈ 0.28KGPa
−1 between 5.8GPa and 6.9GPa,
passes through a maximum around 9GPa, and then de-
creases towards zero for p > 16.2GPa. This behavior of
Tc(p) of SnO resembles that recently reported from high
pressure studies on β-FeSe superconducting samples16,17.
However, in β-FeSe the value of Tc at ambient pressure
is already much higher than the maximum Tc in SnO
under high pressure. Also the initial increase of Tc with
pressure is stronger for FeSe than we find for SnO in
the superconducting phase. On the other hand, in both
3cases the initial increase of Tc with pressure is associated
with a corresponding decrease of the interlayer distance
(Se–Se/Sn–Sn) along the c-axis12,16.
FIG. 4. (color online). The band structure of SnO at 7GPa.
The calculations base on the structural parameters deter-
mined by x-ray diffraction experiments12. The Fermi level
is at E = 0.
It is interesting to compare the properties of SnO un-
der high pressure with those of Fe-based superconduc-
tors. We recall the main ingredients for the occurrence
of superconductivity in the latter systems: (i) the exis-
tence of several pockets in the Fermi surface with some
specific topology; (ii) some degree of nesting is required
between the hole and electron pockets; (iii) spin fluc-
tuations associated with such nesting seem to be impor-
tant. However, the relative importance of the above men-
tioned ingredients for superconductivity is still a mat-
ter of debate. Here, we mention the two most discussed
but quite different scenarios. According to Mazin et al.8
and Kuroki et al.9, all three factors (i)–(iii) are essen-
tial. In this approach superconductivity is induced by the
nesting-related antiferromagnetic spin fluctuations near
the wave vectors connecting the electron and hole pock-
ets. This leads to an extended s-wave pairing with a sign
reversal of the order parameter (s±) between different
(nested) Fermi surface sheets. In contrast to this, ac-
cording to Chubukov7, and Kuchinskii and Sadovskii18
predominantly (i) and (ii) are relevant. These authors
proposed, based on a weak coupling approach that spin
fluctuations are not necessarily required for an s± state
and the pairing mechanism might not be magnetically
mediated. It can predominantly originate e.g. from a
direct pair hopping between hole and electron Fermi sur-
faces. We note that here the pockets are important but
only nearly nested states are necessary.
In view of the two theoretical approaches mentioned
above, it appears that the existence of pockets and some
degree of nesting are relevant for the occurrence of su-
perconductivity in Fe-based superconductors. As SnO
does not contain magnetic atoms, we explore ingredients
(i) and (ii) in the case of SnO. We thus have investigated
the Fermi surfaces and nesting properties of metallic SnO
and their change with pressure. Fig. 4 illustrates the cal-
culated bands of metallic SnO at 7GPa along symmetry
lines in the Brillouin zone (BZ). These calculations are
scalar-relativistic and use the Linear-Muffin-Tin-Orbital
(LMTO) method19 in a full-potential implementation20.
As shown in Fig. 4, the band structure close to EF is sim-
ilar to that in FeAs systems8,21: the two bands dipping
below EF near the M-point of the Brillouin zone enclose
two electron pockets centered at M whereas the rather
flat band slightly above EF around Γ encloses a hole sur-
face. The states near EF at M move further down rela-
tive to EF as the pressure is increased, whereas the “hole
band” shifts towards higher energies. The indirect band
overlap increases with pressure. The “hole band” states
as defined here have O-pz and Sn-s character, whereas
the “electron states” close to EF, around M are of Sn-
pxpy character (coordinates x, y, and z are along the
tetragonal axes, c-axis in the z-direction).
FIG. 5. (color online). (a) Fermi surface contours in the
(kx, ky) plane as calculated for SnO at 7GPa. The blue and
red curves at the corners (M points) are contours of the elec-
tron surfaces, e1 (outer surface, red) and e2 (inner surface,
blue). The black curve enclosing the BZ centre (Γ) is the
contour of the hole, h, surface. The vector Q is a represen-
tative of nesting vectors in the (1,1,0) directions between the
e1 and h surfaces. (b) Fermi surface for SnO calculated at 7
GPa.
Figure 5(a) displays the Fermi surface contours in
the (kx,ky) plane of the BZ as calculated for SnO at
p = 7GPa. We see that the band structure close to
EF and the shape of the Fermi surface of SnO are quite
similar to those reported for β-FeSe21 and other Fe-based
superconductors. The SnO band structure is, however,
nearly three-dimensional: the Fermi surface does not ex-
hibit pronounced cylindrical sheets as in FeSe, but has a
hole surface of box-like shape (see Fig. 5(b)). However,
there is still an efficient nesting between the outer elec-
tron surface (e1) and the hole surface (h), see Fig. 5(a).
The Fermi surface topology does not change with pres-
4sure in the pressure range considered here (5 to 19GPa),
but the degree of nesting between the electron and hole
FS changes.
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FIG. 6. (color online.) The maximum value of the nesting
functions vs. pressure. The values of pressure, volumes, and
structural parameters are taken from the experimental values
from Ref. 11. The inset shows an example of the calculation
of such a nesting function N(Q) for p = 7GPa (see text).
The variation of nesting with pressure illustrated in
Fig. 6 has been calculated from the maximum values
of the nesting functions for the structural parameters at
different pressure points12. An example of the calcula-
tion of such a nesting function N(Q), which is given by
N(Q) =
∫
BZ
d3k δ(Ek − Ek+Q)δ(Ek − EF) is shown in
the inset of Fig. 6. As evident from Fig. 6, the degree of
nesting first increases with increasing pressure, reaches a
maximum between 8 and 10GPa and decreases with fur-
ther increasing pressure. This behavior correlates with
the observed pressure variation of Tc (see (p, T )-phase
diagram; Fig. 3). In contrast to this, the calculated den-
sity of states at EF, D(EF), as a function of pressure
reveals no remarkable change up to about 20GPa: while
Tc strongly decreases by more than a factor of 3 between
9GPa and 16GPa, D(EF) shows only a slight decrease
of about 10% in the same pressure range. These theoret-
ical calculations demonstrate that even in the absence of
spin fluctuations the Fermi surface topology and nesting
properties are relevant to the observed pressure-induced
superconductivity in SnO . In such a case the observed
superconductivity in metallic SnO with much lower Tc
than that found in Fe-based superconductors may be ex-
plained in the weak coupling scenario by direct pair hop-
ping between electron and hole pockets7. In contrast,
spin fluctuations usually lead to strong electronic corre-
lations, i.e. strong coupling and, thereby, higher values
of Tc.
In summary, we discovered that SnO, with the α-PbO-
type structure, undergoes an insulator-metal transition
under pressure at pc ∼ 6GPa and becomes supercon-
ducting with Tc ∼ 0.4K. With increasing pressure, Tc
initially increases up to a maximum of 1.4K at 9.3GPa,
but then decreases and superconductivity disappears at
p ∼ 16GPa. The electronic structure of SnO is that of a
semi-metal with the hole pocket at the Γ-point and elec-
tronic pockets at M-points of the Brillouin zone. Thus,
both the crystal and electronic structures of SnO are
similar to those of Fe-based superconductors like FeSe
or FeAs-systems, but in contrast to these SnO is non-
magnetic, and the values of Tc and Bc2 (Bc2 ∼ 0.6T at
9.3GPa) are much smaller. We believe that, besides its
own interest, the discovery of superconductivity in SnO,
the nonmagnetic counterpart of Fe-based superconduc-
tors, may be useful for a better understanding of the
relative importance of different factors relevant for su-
perconductivity in this class of materials.
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